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CROSS REFERENCE TO RELATED APPLICATIONS 
5 This application claims the benefit of U,S. Provisional Application No. 60/298,459, filed 

on June 14, 2001 which application is hereby incorporated herein by reference in its entirety. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 
This invention was made with government support under Contract No. 9875557 awarded 
10 by the National Science Foundation, Civil Mechanical Systems Division. The government has 
certain rights in the invention. 

t FIELD OF THE INVENTION 

'9 

0 This invention relates generally to project management and more particularly to a 

rfi 

ljjjq reliability buffering technique applied to a project planning model. 

3 
m 

\| BACKGROUND OF THE INVENTION 

As is known in the art, a model is a representation or approximation of a real world 

$ process, device or concept. A model can be implemented in computer code for execution on a 

2f| processor in order to allow a user to rapidly vary model parameters and to understand the impact 

jyj on the process, device or concept of varying such parameters. 

A project planning model is a model that can be used to plan a project (e.g. a construction 
project). Some well-known project planning models include a dependency structure matrix 

25 (DSM), a critical path method (CPM), a precedence diagram method (PDM), a concurrent 

engineering technique, a critical chain technique, an overlapping framework technique, various 
system dynamics techniques, a simulation language for alternative modeling technique (SLAM), 
a graphical evaluation and review technique (GERT), a queue graphical evaluation and review 
technique (Q-GERT), and a program evaluation and review technique (PERT). Such 

30 conventional project planning models are used to plan and control projects. 
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As mentioned above, such models can be implemented in as computer code for execution 
on a processor to provide computer implemented project management tools which can be used to 
aid in the planning and management of projects such as construction projects and the like. In this 
manner, computer tools which apply the principles of particular project planning models are 
5 provided. Such tools provide a project manager with the ability to generate an initial project plan 
and to update and modify the project plan thereafter. 

As is also known, a so-called "network based" project planning model provides a model 
of a project plan having activities and time relationship linkages between the activities. A 
10 database underlying the conventional project planning model will be referred to herein as 

conventional project plan data, having conventional project plan data elements. Of the above- 
mentioned techniques, CPM, PDM, PERT, and GERT will be recognized to be the most 

U 

Q common network based project planning models. 

5 
en 

iW Conventional project plan data elements of PDM, for example, include a list of activities, 

5 an activity duration value for each activity, and time precedence relationships between the 
^ activities. A time precedence relationship describes a relationship between two activities. For 
O example if a first activity must finish before a second activity can start, the first and second 
!'»! activities are said to be in a "finish to start" time precedence relationship. Time precedence 
i| relationships include finish to start (FS), finish to finish (FF), start to finish (SF), and start to start 
I'll (SS) relationships. The time precedence relationships can also include lead or lag times. For 
example, when two activities are related in an FS time precedence relationship, a downstream 
activity is planned to start at the completion of an upstream activity to which it is related. For 
another example, when two activities are time related in an FS relationship with lead, a 
25 downstream activity can begin a lead period before the completion of an upstream activity to 

which it is related. This is contrasted with an FS relationship with lag for which the downstream 
activity is delayed to start with a lag delay after the completion of an upstream activity to which 
it is related. 
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Contingency time buffers, also called contingency buffers, are conventionally applied to 
the end of one or more activities in the project plan to absorb the effect of time delay, or 
slippage, of individual activities. Contingency buffers attempt to ensure that the total time 
duration of the project is preserved even when the durations of individual activities expand, 
5 either from expected or from unexpected changes. 

To the conventional project plan data elements above, PERT and GERT add various 
other conventional project plan data elements. PERT, for example, includes probability values 
associated with the duration value of each activity. The probability value assigns a probability to 
10 the likelihood that an activity will be completed within its scheduled duration. PERT also adds a 
path probability value to each time precedence relationship. The path probability value 
corresponds to the likelihood that a time precedence relationship will be achieved as planned. 
□ GERT adds probabilistic time precedence relationship branching. 
.6 

m 

1 $Q Conventional project planning models that utilize contingency buffers are generally 

ill inefficient in protecting the project schedule performance. Once added to the duration of an 

^ activity, a contingency buffer can be considered by those workers performing the activity to be 

Q part of the original time schedule of the activity without distinction. When workers realize that 

!:*! they have extra time to complete a task, their work tends to expand to fill the perceived extra 

2jj[j time, creating an indeterminate duration. As a result, the contingency buffer generally does not 

f |i function effectively to protect the initially planned overall schedule duration. 

Furthermore, when contingency buffers are applied to a project plan at a "merging point," 
no benefit is gained to the overall project schedule from an activity that finishes early at the 
25 merging point. A merging point will be understood to be a place in a project plan at which a first 
and a second activity both have a time precedence relationship with a third activity. 

Therefore, it would be desirable to provide a project planning method as part of a project 
planning model that has the ability to absorb time slippages and project changes yet which does 
30 not tend to expand a project schedule when such slippages and changes occur. It would be 
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further desirable to provide a project planning method with which the overall project schedule 
benefits from the early completion of activities at a merging point. 

SUMMARY OF THE INVENTION 
5 In accordance with the present invention, a reliability buffering method is associated with 

a project planning model, which includes project plan data and a plurality of activities. From 
among the plurality of activities, the reliability buffering method selects upstream and 
downstream activities for study. Activity relationship data and activity characteristics data 
associated with the upstream and downstream activities are added to the project plan data. Given 
10 the project plan data, a reliability buffer duration value is determined in a way that a project 

schedule delay due to possible schedule delays that can occur in the selected upstream activities 
is reduced and a project schedule advance due to possible schedule advances that can occur in 
3 the selected upstream activities is increased. Then, a reliability buffer having the reliability 
!'| buffer duration value is placed in front of the selected downstream activity. If necessary, a new 
1'5S time precedence relationship between the upstream activity and the downstream activity is 
i|J generated. An initially generated reliability buffer project plan can be updated when new project 
plan data is provided to the project planning model . 

a 

% In accordance with a further aspect of the present invention, a reliability buffering 

2 J method includes selecting a downstream activity and adding, to the project plan data, activity 
fiy relationship data associated with the downstream activity and with at least one upstream activity. 
The method further includes adding activity characteristics data associated with the downstream 
activity to the project plan data. The method still further includes placing the reliability buffer in 
a buffer time precedence relationship with the downstream activity to provide a buffered 
25 downstream activity. A reliability buffer duration value is generated corresponding to the project 
plan data. The method also includes generating an activity time precedence relationship, 
optionally including a lead or lag value, between the buffered downstream activity and the at 
least one upstream activity. An initial reliability buffer project plan is thus generated. The 
initially generated reliability buffer project plan can be updated when new project plan data is 
30 provided to the project planning model. 
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With this particular arrangement, the reliability buffering method, when applied to a 
project planning model, has the ability to absorb time slippages and project changes yet does not 
tend to expand a project schedule when such slippages and changes occur. The reliability 
5 buffering method also provides schedule benefits from the early completion of activities (e.g. 
downstream activities can be completed ahead of schedule if upstream activities are completed 
ahead of schedule). Furthermore, the reliability buffer method of the present invention reduces 
the impression to workers that additional time is available to complete an activity. 

1 0 In accordance with a still further aspect of the present invention, a project management 

system includes a project data processor to provide project plan data, and a reliability buffer 
processor adapted to receive that project plan data and to generate the reliability buffer project 
q plan having the reliability buffers. 

■up 

ikl With this particular arrangement a project management system is provided that can 

IJl generate a project plan with embedded reliability buffers. The project plan with embedded 

^ reliability buffers provides a project schedule having advantages over a project schedule having 

O conventional contingency buffers. In one embodiment, the project data processor can optionally 

I'M 

% receive conventional project plan data provided by a project plan processor. 

2| S 

fjj BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features of the invention, as well as the invention itself may be more fully 
understood from the following detailed description of the drawings, in which: 

25 FIG. 1 is a chart of prior art project plan which includes contingency buffers applied at a 

merging point in the project plan; 

FIG. 1 A is another chart of a prior art project plan which includes contingency buffers 
applied at a merging point; 
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FIG. 2 is a chart of a project plan which includes a reliability buffer applied at a merging 
point of the project plan in accordance with this invention; 

FIG. 2A is another chart of a project plan which includes a reliability buffer applied at a 
5 merging point; 

FIG. 3 is a block diagram of a project planning system that includes a reliability buffer 
processor; 

1 0 FIG. 4 is a flow diagram showing the process for generating a project planning model 

that includes one or more reliability buffers; 

£j FIG 5 is a project plan chart showing an illustrative time precedence relationship 

if j between two activities including a reliability buffer generated by a static approach; 

lgj 

|J| FIG. 5A is a project plan chart which illustrates a time precedence relationship between 

^ two activities including a reliability buffer generated by a dynamic approach; 

J-!s| FIG. 6 is a project plan chart which illustrates a time precedence relationship between 

2j| two activities including a reliability buffer generated by the static approach; 

FIG. 6A is a project plan chart which illustrates a time precedence relationship between 
two activities including a reliability buffer generated by the dynamic approach; 

25 FIG. 7 is a table having listed therein a plurality of different project plan charts each 

having a different finish to start (FS) time precedence relationships and including a reliability 
buffer generated by the dynamic approach; 



6 



FIG. 7A is a table having listed therein a plurality of different project plan charts each 
having a different finish to finish (FF) time precedence relationship and including a reliability 
buffer generated by the dynamic approach; 

5 FIG. 7B is a table having listed therein a plurality of different project plan charts each 

having a different start to start (SS) time precedence relationship and including a reliability 
buffer generated by the dynamic approach; and 

FIG. 7C is a table having listed therein a plurality of different project plan charts each 
10 having a different start to finish (SF) time precedence relationship and including a reliability 
buffer generated by the dynamic approach. 

O DETAILED DESCRIPTION OF THE DRAWINGS 

!vj Before describing the application of reliability buffering to a project planning model, 

1$ some introductory concepts and terminology are explained. In general, the term "upstream 

"4 activity" will be used to describe one activity that begins at an earlier time than another activity. 

!<» The term "downstream activity" will be used to describe one activity that begins at a later time 

!'W than another activity. Thus, considering only two activities of a project plan that do not occur at 

vf\ the same time, one is necessarily an upstream activity and the other is a downstream activity. 

2jy: The terms upstream and downstream correspond only to the relative starting times of the 

ill 

activities. 

Conventional project planning models have a variety of so-called "time precedence 
relationships," also called relationships and precedence relationships between activities. For 

25 example, time precedence relationships can be finish to start (FS), start to start (SS), start to 
finish (SF), and finish to finish (FF). An FS time precedence relationship is one for which a 
downstream activity is planned to start immediately upon the finish of an upstream activity. An 
FF time precedence relationship is one for which a two activities are planned to finish at the 
same time. An SF time precedence relationship is one for which a downstream activity is 

30 planned to start immediately upon the finish of an upstream activity. An SS time precedence 
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relationship is one for which two activities are planned to start at the same time. The FS and the 
SF time precedence relationships are similarly described in terms of upstream and downstream 
activities. It will be recognized that their difference arises only in the physical sequence by 
which the two activities are represented on a chart. 

5 

These time precedence relationships include and can be altered with lead and lag times. 
A lead time corresponds to an advancement of an activity that is linked to another activity in one 
of the above relationships, by an amount that is equal to the lead time. A lag time corresponds to 
a retardation of an activity that is linked to another activity, by an amount that is equal to the lag 
10 time. 

The term "merging point" will be used to describe a relationship between activities in a 
project plan for which two or more activities have a time precedence relationship with a third 
activity. For example, a merging point exists when two activities have an FS time precedence 
1 §0 relationship with a third activity. 

0 

As described above, a project plan database underlying a project planning model will be 
Q referred to herein as "project plan data", having "project plan data elements". The term "activity 
j<* characteristics data" will be used to describe project plan data elements that corresponds to an 
2§J individual activity. For example an activity name corresponds to only one activity. The term 
i'U "activity relationships data" will be used to describe project plan data elements that corresponds 
to two related activities. For example, time precedence relationships correspond to a time 
linkage between two activities. The term "policy data" will be used to describe project plan data 
elements that corresponds to one or more activities that can be related or unrelated. For example, 
25 a policy of the use of overtime labor can globally correspond to groups of unrelated activities. 
Activity characteristics data, activity relationship data, and policy data can be of a conventional 
type. However, they can also be provided in accordance with certain aspects of this invention. 

Referring to FIG. 1, an illustrative example is shown of a prior art project plan chart 10 
30 which includes time bars 12a, 14 and 16 for three activities A,B,C having an FS relationship at 
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a merging point, designated by reference numeral 17. The project plan chart 10 corresponds to 
an initially planned schedule. Activities A, B, C have durations represented by the length of the 
associated time bars 12a, 14 16. Activity A and activity B each have an FS relationship 18a, 20 
with activity C. Conventional contingency buffers, initially incorporated into the schedule, are 
5 indicated by time bars 22, 24, 26. A time scale 28 represents illustrative times associated with 
the various time bars. 

In general, a conventional contingency buffer (e.g. buffers 22, 24, 26) provides a time 
buffer associated with some or all of the activities of a project. Each contingency buffer is 
1 0 typically placed at the end of an associated task or activity, thereby extending the planned 

duration of an activity to allow for time slippage of the activity or changes to the activity. Use of 
contingency buffers allows for schedule slip beyond the anticipated duration of individual 
□ activities. By placing a contingency buffer on an upstream activity, a downstream activity 
I'n depending upon the upstream activity can begin at its originally scheduled time even though the 
1 §9 elapsed time required to complete the upstream activity may have been longer than originally 
ijig anticipated. The extra time taken by the upstream activity is absorbed by its associated 

contingency buffer. This assumes of course that the downstream activity is scheduled to start 
O after the end of the contingency buffer. 

m 

2p!| As shown in FIG. 1, the conventional contingency buffers 22, 24, 26 are applied to the 

fiy ends of the time bars 12a, 14, 16 associated with activities A, B, C. Though the activities A B 
were originally anticipated (but not planned) to each be completed in 10 days, an additional 
contingency buffer 22, 24 respectively of 5 days duration has been added to each activity as 
initially planned. Thus, activity A and activity B are initially planned to occur with a 15 day 

25 duration. If the contingency time buffers 22, 24, 26 are actually consumed in performing 
activities A B, and C, the total duration of these activities is 30 days as indicated. 

Referring now to FIG. 1A, in which like elements of FIG. 1 are provided having like 
reference designations, another illustrative example is shown of a project plan chart 30 for which 
30 the three activities A B, C have an FS relationship at a merging point 19. The project plan chart 
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30 corresponds to an updated schedule, that has been updated from the schedule of FIG. 1 at an 
update time. Updated schedules will be further discussed below. If the contingency buffer 22 
(FIG. 1) that was initially associated with activity A is not actually consumed, but rather activity 
A is actually finished in 10 days as was anticipated, the total duration of the three activities A, B, 
C remains 30 days. Thus, using a conventional project planning approach, no project schedule 
benefit has been gained by the finish of activity A in 10 days time. Note also that the FS time 
precedence relationship 18a shown in FIG. 1 has become an FS time precedence relationship 18b 
with a lag of 5 days, corresponding to the time duration between the finish of activity A in FIG 
1 A and the start of activity C in FIG 1 A. 

As shown in FIG 1 A, activity C cannot start until activity B is completed, even though 
activity A did not consume its associated 5 day contingency buffer time. As a result, the start 
3 time of activity C is determined by the actual duration of activity C, and a schedule advance 
V| achieved in activity A does not add any benefit to the overall project schedule. Furthermore, 
g delays (not shown) in the completion of activity B will cause a time delay in the start of activity 
: 4 C. For example, assuming that it took 20 days to finish activity B, the 5 day delay in activity B 
;*j delays the start of activity C for 5 days. As a result, the total duration of the three activities A, B, 
J C is extended to 35 days. Thus, contingency buffers are often inefficient at the merging points of 
P a project plan. 

Another drawback of the contingency buffer, as mentioned above, is that once added to 
the duration of an activity, a contingency buffer can be considered by those workers performing 
the activity to be part of the original schedule of the activity without distinction. When workers 
realize that they have extra time to complete a task, their work tends to expand to fill the 
perceived extra time. As a result, the contingency buffer generally does not function well to 
protect the original overall schedule duration. 

Referring now to FIG. 2, a project plan chart 50 includes time bars 52, 54a, 56 associated 
with three respective activities A, B, C having an FS relationship at a merging point 57. As 
shown in FIG. 2, activities A and B are upstream with respect to activity C and activity C is 
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downstream with respect to activities A and B. The project plan chart 50 corresponds to an 
initially planned schedule. A time scale 64 represents illustrative times associated with the 
various time bars 52, 54a, 56. Activities A B and C thus have durations represented by the 
associated time bars 42, 54a, 56. 

5 

Activity A and activity B each have an FS relationship 58, 60a with activity C. A 
reliability buffer time bar 62 is disposed on a first region of the activity time bar 56. Thus, rather 
than utilizing the prior art approach of providing contingency buffers appended to the ends of 
time bars 42, 54a associated with activities A and B, in accordance with the present invention, 
10 the reliability buffer 62 is associated with activity C. In the example of FIG. 2, the reliability 
buffer 62 is placed at the beginning of time bar 56 associated with activity C. 

a 

O The reliability buffer 62 is applied at the merging point 57 between upstream activities A 

jjgj and B and downstream activity C. The reliability buffer 64 is associated with the beginning of 
1$2 activity C, unlike the contingency buffers 22, 24 of FIG. 1 that are associated with the end of 
' 'i activities A B. It should be appreciated that although the reliability buffer 64 is here shown to 
f *l be part of activity C, it can also be considered separately from activity C. In some project plan 
charts below, the reliability buffer is shown separately from the downstream activity with which 

!'*! 

ifl it is most closely associated. When shown separately, it has a "buffer time precedence 
2j$j relationship" that is FS with the downstream activity. It should be understood, however, that 
other buffer time precedence relationships between the reliability buffer 62 and the downstream 
activity are also possible. 

As with the example of FIG. 1, the anticipated duration of both activity A and activity B 
25 is 10 days, yet no contingency buffer beyond this duration has been applied to activity A or 
activity B. The initially planned activities A,B,C have a total duration of 25 days. 

Referring now to FIG 2A in which like elements of FIG. 2 are provided having like 
reference designations, another illustrative example is shown of a project plan chart 70, which 
30 includes time bars 52, 54b, 56 associated with three respective activities A,B,C having an FS 
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relationship at a merging point 59. As shown in FIG. 2A, activities A and B are upstream with 
respect to activity C and activity C is downstream with respect to activities A and B. The project 
plan chart 70 corresponds to an initially planned schedule. A time scale 64 represents illustrative 
times associated with the various time bars 52, 54b, 56. Activities A, B and C thus have 
5 durations represented by the associated time bars 42, 54a, 56. 

Here, unlike the illustrative example of FIG. 2, the actual, or updated, duration of activity 
B has increased from the initially planned activity B of FIG. 2, by a delay period of five days. 
The reliability buffer 62 absorbs the delay to the extent available in the reliability buffer 62, here 
10 5 days. In comparison with FIG. 1, note that the total duration of the three activities A,B,C has 
remained 25 days, even though activity B has a delayed schedule. 

s . 

a 

□ Also, in comparison with FIG. 1 A the actual durations of activity A and activity B are 

/ Jj the same as activity A and activity B of FIG. 1 A but the total time duration for the three 

lj3 activities A, B, and C can be seen to be 25 days, compared with 30 days required in the prior art 

"4 approach of FIGS. 1 and 1 A. Thus, unlike prior art contingency buffer approach which provides 
no schedule benefit at a merging point, the reliability buffer 62 of the present invention provides 

J ,|| schedule benefit as indicated by the early finish of activity C. 

sat 

2$\ Referring now to FIG. 3, a project management system 100 includes a project plan 

processor 102 which provides conventional project plan data 104 to a project data processor 106. 
Conventional project plan data 104 can have a variety of conventional project plan data 
elements, but generally includes a list of activities, an activity duration value associated with 
each activity, and time precedence relationship data that describes the time precedence 

25 relationships between the various activities of the project plan, including in some instances lead 
and lag times. 

As described in U.S. patent application no. , entitled Dynamic Planning 

Method and System, having attorney docket number MIT-086AUS, filed on February 6, 2002, 
30 and assigned to the assignee of the present invention and incorporated herein by reference in its 
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entirety, conventional project plan data can be transferred to the project data processor 106 of the 
present invention from a conventional project management computer tool such as PERT. 
Alternatively, conventional project plan data can be provided to the project data processor 106 
by users via user interfaces associated with the project data processor 106. 

5 

Conventional project plan data 104 provided by the project plan processor 102 can 
include conventional activity characteristics data, activity relationship data and policy data. The 
project data processor 106 receives the conventional project plan data 104and allows the user to 
both alter the conventional project plan data and/or to add additional project plan data elements 
10 to the conventional project plan data via one or more user interfaces. The user can provide 
additional activity relationship data 108, activity characteristics data 110, and policy data 1 12. 

u 

j 

S ;«J 

9 A portion of the project plan data 104 can correspond to conventional activity 

i . IT i 

(|i(J relationship data denoted by reference numeral 104a in FIG. 3, and includes time precedence 
1 jd relationship data that relates pairs of activities together. Such time precedence relationship data 
l "4 includes, for example, finish to start (FS), start to start (SS), finish to finish (FF), and start to 

finish (SF) relationships. Activity time precedence relationship data can also include lead or lag 
l!i times. For example, a second activity can be planned to start, with lead, before the end of a first 

y 

CP activity in an FS relationship, or can be planned to start, with lag, at some time after the finish of 
2ff f the first activity. 

Activity relationship data 108 can be provided to include a downstream sensitivity value. 
The downstream sensitivity, or generally the sensitivity, is a value that describes the strength of 
the coupling from a given downstream activity to an upstream activity with which it is associated 

25 by a time precedence relationship. For example, two activities in an FS relationship can be 

strongly or weakly coupled via the downstream sensitivity value. A strong coupling requires that 
a downstream activity cannot be started until the finish of the given activity. A weak coupling 
implies that the downstream activity can start before the completion of a given activity, though 
they are linked in an FS relationship. Essentially, the downstream sensitivity value can effect 

30 lead and lag durations. Since a downstream activity can have time precedence relationships with 
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a number of upstream activities, the downstream sensitivity values are most closely associated 
with the time precedence relationships of a downstream activity, rather than with the downstream 
activity itself. 

A portion of the project plan data 104 can correspond to conventional activity 
characteristics data 104b, and includes an activity name, an activity duration value, and an 
activity duration probability, each having been described above. 

Activity characteristics data 1 10 can also be provided to include an activity production 
type value, and an activity reliability value. The activity production type value describes the 
ramp up or progress speed of an activity in relation to a normal production rate for the activity. 
For example, an activity may be planned to have a two-month duration, an it may quickly ramp 
up to achieve the first half of the activity in less than one month. In this example, the activity is 
planned having a fast production rate value. 

The activity reliability value describes both the likelihood that the activity achieves the 
planned duration and schedule, and the likelihood that the output work product of the activity 
will be of sufficient quality so as not to impact the schedule of downstream activities. The 
activity reliability value is associated with an activity rather than a relationship between 
activities. 

A portion of the project plan data 104 can correspond to conventional policy data 104c 
such as overlapping and splitting of activities. Splitting of activities is understood to correspond 
to a policy that allows activities to be started, stopped and re-started again. Policy data 1 12 can 
also be provided to include project policies such as manpower availability versus time values, 
overtime and flexibility of worker headcount control values, a buffering policy, thoroughness of 
quality control values, hiring time control values, and request for information (RFI) time control 
values. The buffering policy as used above should be understood to correspond to a policy that 
allows the user to apply time buffers, other than reliability buffers (e.g. contingency buffers), to a 
project schedule. 
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Activity relationship data 114, activity characteristics data 116, and policy data 118 are 
provided to the reliability buffer processor 120. The reliability buffer processor 120 removes 
any contingency buffers that are provided as part of the conventional project plan data 104. The 
reliability buffer processor 120 also associates reliability buffers with the beginning of selected 
ones of the activities, sizes the duration of each reliability buffer, and provides new precedence 
relationships between each reliability buffer and the activities that are upstream from the selected 
ones of the activities. 

Reliability buffer characteristics are influenced by the activity relationship data 1 14, the 
activity characteristics data 1 16, and the policy data 118. For example, the reliability buffer 
t lead/lag and the reliability buffer duration value are influenced by a portion of the policy data 
21 1 18 corresponding to the production type value, and by the reliability value. The reliability 

buffer associated with a downstream activity can be short, which makes it possible to overlap the 
15*| associated upstream and downstream activities, if the upstream activity has a fast production type 
Sj value and is reliable. This is because an upstream activity having a fast production type value 
U and high reliability value requires a relatively short time to review and correct upstream 
U problematic work within an associated downstream activity. Normally, an upstream activity 
jjn having a relatively low activity reliability value, thus indicating potentially low quality work, 
requires consideration of the possibility that downstream changes will be required. This results 
in the generation of a reliability buffer having a relatively large duration value and having more 
lag. Similarly, an upstream activity having a slow production type value and a low reliability 
value requires a reliability buffer having a relatively large duration value, to anticipate the 
necessity to discover and fix problematic upstream work at the beginning of the downstream 
activity. 

For another example, the reliability buffer duration value and lead/lag are influenced by 
the activity sensitivity value. If a sensitivity value associated with a time precedence relationship 
between an upstream and a downstream activity indicates a relatively high coupling between the 
upstream activity and the associated downstream activity, then it is more likely that a schedule 
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delay in the upstream activity will cause a schedule impact on the downstream activity. Thus in 
this case, a reliability buffer would be generated in association with the downstream activity, 
having a relatively long duration value and with more lag. 
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25 



For yet another example, the reliability buffer duration value and lead/lag are influenced 
by the combination of the data 104c and policy data 1 12 such combination designated as 1 18 in 
FIG. 3. If the manpower is unlikely to be available at the time of a given activity, the reliability 
buffer processor 120 would produce a reliability buffer having a relatively long duration value 
and a corresponding amount of lag. 



Where the reliability buffer is automatically sized and placed in a time precedence 
relationship by the reliability buffer processor 120, it is possible to provide an appropriate 
reliability buffer duration value and activity time precedence relationship, having a lead or lag, 
for each activity in a systematic manner, depending upon activity relationship data 114, activity 
1 jj characteristics data 1 16 and policy data 1 18. As a result, the reliability buffer processor 120 
'4 provides a project plan 122 having embedded reliability buffers. 



[W Referring now to FIG. 4, a process 130 for generating a project plan with reliability 

j|| buffers begins by generating a project plan that includes a plurality of activities and a variety of 
2pf conventional project plan data as shown in block 132. The conventional project plan data can 
include the list of activities, the activity duration value associated with each activity, the activity 
time precedence relationships between each activity and one or more other activities, a path 
probability value corresponding to the likelihood that a time precedence relationship will be 
achieved as planned, and probabilistic branching of time precedence relationships. 



The project plan provided at step 132 can also include other types of conventional project 
plan data. Of the activities thus generated, two or more activities are selected at step 134, each 
having conventional project plan data. To the conventional project plan data associated with the 
selected activities, further project plan data is provided as shown in 136 where additional activity 
30 relationship data values, activity characteristics data values, and activity policy data values are 
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provided. At step 138, based upon the activity relationship data, the activity characteristics data, 
and the policy data, reliability buffers are placed at the beginning of some or all of the selected 
activities. At step 140, the reliability buffers are sized, to provide time duration values for each 
of the reliability buffers. At step 142, the time precedence relationships, including lead and lag 
5 are established for each of the reliability buffers. Thus, a project plan that incorporates reliability 
buffers is generated. 

Calculation of the reliability buffer duration value and the time precedence relationship, 
including lead/lag values, are determined based on simulation results. The calculations provide a 
10 reduction of the impact on total project schedule caused by schedule problems associated with 
individual activities. The calculations also provide an increase in the overall project schedule 
j;;* benefits that result from any schedule advances of individual activities. 

a 

«vj In particular, the reliability duration value can be calculated by selecting a plurality of 

153 reliability buffer duration values and, for each of the plurality of reliability buffer duration 

\J values, generating a simulated project schedule and a simulated project cost. A reliability buffer 

!L duration value and associated project schedule can be selected that correspond to a smallest 

I'll simulated project schedule or a smallest simulated project cost. The selection between the 

iff smallest project schedule or smallest schedule cost can be made by user selection upon a 

2te! graphical user interface (GUI). The lead/lag values are calculated in accordance with 

iU 

descriptions given in association with FIGS. 7-7C below. 

Alternatively, conventional project plan data can be incorporated at step 144 as input 
from a conventional project planning computer tool, for example PDM. PDM will be recognized 

25 by one of ordinary skill in the art to be a computer tool that provides the list of activities, the 
duration value associated with each activity, and one or more time precedence relationships 
between each activity and other activities. Where the conventional project plan data includes 
contingency buffers, the contingency buffers are first removed from the conventional project 
plan data at step 146. The conventional project plan data then follows the process described 

30 above, beginning a step 134. 
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Referring now to FIG. 5, a project plan chart 160 showing an illustrative example of a 
static approach is shown. A project plan chart 160 includes an initially planned upstream activity 
162a, an updated upstream activity 162b, an initially planned downstream activity 164a, an 
updated downstream activity 164b, an initially planned reliability buffer 166a, and an updated 
reliability buffer 166b. As will become apparent below, the static approach provides no changes 
in time precedence relationships as the schedule is updated. In contrast, dynamic reliability 
buffering shown in FIG. 5 A allows initially sized and placed reliability buffers, and time 
precedence relationships, to vary throughout the project duration. As mentioned above, the 
reliability buffer 166a, 166b is shown apart from the downstream activity 164a, 164b with which 
is it most closely associated. A time scale 168 progresses from left to right. Initially planned 
and the updated time precedence relationships are indicated by arrows designated, respectively, 
by reference numerals 170a, 170b. 

An initial plan comprised of activities is indicated as crosshatched time interval bars 
162a, 164a, 166a in FIG. 5. An updated plan comprised of activities updated at time t c , is 
indicated by solid time interval bar boundaries 162b, 164b, 166b. In general, an updated plan 
can be generated by a user any time that new data is obtained. The updated plan corresponds to a 
manual data entry update by a user at time t c that subsequently causes a re-calculation of 
reliability buffers, and of the overall project schedule and all remaining activities within the 
project. The data entry update corresponds to a new entry of some or all of the project plan data. 

The upstream activity 162b has an updated completion time at t 3 , that is delayed from the 
initially planned completion time of activity 162a by a period of time computed as t3-t2 and 
designated with reference numeral 174 in FIG. 5. It should be noted that the updated, or actual, 
duration of the activity 162b is increased from that initially planned 162a. In the static buffering 
approach 160, the delay 174 in the upstream activity completion is directly passed to the 
downstream activity by delaying the updated start time, t 3 , of the reliability buffer 166b and 
consequently the updated start time, ts, of the downstream activity 164b. The initial FS 
relationship 170a having no lead between the upstream activity 162a and the reliability buffer 
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166a remains unchanged as activity 162b is delayed. The reliability buffer duration value 178, 
180 also remains unchanged. Thus, a static approach can be used to adjust the project schedule 
based upon new data knowledge, for example knowledge that an activity has actually been 
completed. Note that the updated downstream activity 164b has an updated delayed start at time 

ts. 

Referring now to FIG. 5 A, in which like elements of FIG. 5 are provided having like 
reference designations, a project plan chart 160 showing an illustrative example of a dynamic 
approach to buffering includes an updated reliability buffer 166c applied by a process that can be 
the process as described in association with FIG. 4. The project plan chart characteristics and the 
time scale are the same as those of FIG. 5. 

In contrast to FIG. 5, the impact of the updated upstream activity 162b completion delay 
174 from time t 2 to time t 3 , on the downstream activity time schedule, is reduced by dynamically 
adjusting, rather than statically adjusting, the reliability buffer 166c. Dynamic adjustment is 
made by adjusting both the reliability buffer duration value 182 and the lead/lag of the time 
precedence relationship 184 between the upstream activity and the reliability buffer at the update 
time, t c . As above, the adjustment corresponds to a project plan data update performed by a user 
at time t c based upon new information. Here, the new information is that the upstream activity 
can not been completed by the initially anticipated and planned time, t 2 . 

It should be recognized that the time precedence relationship 184 to the upstream activity 
162b, initially having an FS relationship with no lead or lag, is updated to have lead with respect 
to the upstream activity 162b(i.e. the updated reliability buffer begins prior to the finish of the 
upstream activity). Also, the reliability buffer duration value 182 is increased to provide a longer 
updated reliability buffer 166c from that initially planned 166a. Note that the delay in the start of 
the downstream activity 164c is improved from that of the static approach 164b by a time value 
of t 5 -t 4 
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Referring now to FIG. 6, a project plan chart 200 showing another illustrative example of 
a static approach to buffering includes an initially planned upstream activity 202a, an updated 
upstream activity 202b, an initially planned downstream activity 204a, an updated downstream 
activity 204b, an initially planned reliability buffer 206a, and an updated reliability buffer 206b. 
5 In this illustrative example, the upstream activity 202b has finished earlier than that anticipated 
by the initial schedule 202a, in contrast to FIG. 5 and 5 A in which the upstream activity 162b 
finished later. In this illustrative example, the activities and the reliability buffer of the static 
approach 200 are updated at time t c . Using the static approach, the initially planned FS time 
precedence relationship 208a remains an FS time precedence relationship 208b when the plan is 
10 updated. The time duration value 210 of the updated reliability buffer remains unchanged from 
the initially planned duration value 212. Rather, at a schedule update, where the upstream 
|; j* activity 202b has been completed earlier than anticipated, the reliability buffer 206b is moved 
Q earlier in time and the corresponding downstream activity 204b is moved earlier in time. With 
%i the static approach, the downstream activity begins at a time t3 and ends at a time t6, earlier than 
| ,heon g i„a,p,a„,hate„dedat, im et,. 

"4 

jL Referring now to FIG. 6A, in which like elements of FIG. 6 are provided having like 

ITJ reference designations, a project plan chart 220 showing another illustrative example of a 

rifl dynamic approach to buffering includes an updated reliability buffer 206c applied by a process 

20^ that can be the process described in association with FIG. 4. 

In this illustrative example, the activities and the reliability buffer of the dynamic plan 
220 are updated at time t c as in the example pf FIG. 6. When the upstream activity 202b is 
completed early at time t 2 , the reliability buffer 206c, originally in an FS relationship with the 
25 upstream activity, and without lag, maintains the same relationship, yet is given a smaller time 
duration value 222. It can been seen that the project schedule benefits from the early completion 
of the upstream activity. Comparing the dynamic approach of FIG. 6 A with the static approach 
of FIG. 6, it can bee seen that the dynamic approach affords a greater advancement in the overall 
project schedule than the static approach. Specifically, the downstream activity 204c of the 
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dynamic approach 220 shows an earlier start and earlier completion of the downstream activity 
than that of the downstream activity 204b of the static approach 200. 

In general, reliability buffering adopting a dynamic buffering approach provides a project 
plan for which the start date of initially planned downstream activities can be maintained with 
minimal impact from delays in the completion of upstream activities. Furthermore, if any 
schedule advances are made in the upstream work, the downstream work can benefit from the 
schedule advances. 

FIGS. 5 A and 6A are illustrative examples of the dynamic approach of reliability 
buffering applied to one particular time precedence relationship, (i.e. an FS time precedence 
relationship), and the effect that schedule changes to the upstream activity have on the reliability 
buffer associated with the downstream activity. However, there are four time precedence 
relationships, FS, SS, FF, and SF. There are also alternatives of both lead and lag associated 
with each of the four time precedence relationships. Examples of these situations will be 
summarized in subsequent figures. 

Referring now to FIG. 7, a table illustrating time precedence relationships between 
upstream activities, downstream activities, and reliability buffers associated with the downstream 
activities is shown. Each of the rows 239a-239c show an FS time precedence relationship 246a- 
246c, 256a-256c, 266a-266c between an upstream activity 242a-242c, 252a-252c, 262a-262c and 
a downstream activity 248a-248c, 258a-258c, 268a-268c. It should be appreciated that reliability 
buffers 244a-244c, 254a-254c, 264a-264c are taken as part of the downstream activity 248a- 
248c, 258a-258c, 268a-268c. These time precedence relationships 246a-246c, 256a-256c, 266a- 
266c are also referred to herein as an "activity" time precedence relationships, as opposed to the 
buffer time precedence relationship described above that provides a relationship between the 
reliability buffer and the downstream activity, for example the reliability buffer 244a and the 
downstream activity 248a.. Other activity time precedence relationships are shown in figures 
below. In row 239a, an initial (anticipated) schedule 240a-240c of an upstream activity 242a- 
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242c is shown where an initially planned duration value, Di, for an upstream activity is equal to 
an updated duration value, Df, associated with the upstream activity. 

Rows 239b, 239c show two forms of updated project schedules. First in row 239b, a 
5 schedule 250a-250c is shown for which Di is greater than Df, i.e., the upstream activity has been 
updated to finish earlier than the initial schedules 240a-240c shown in row 239a. In row 239c, 
schedules 260a-260c are shown for which Di is less than Df, i.e., the upstream activity has been 
updated to finish later than anticipated in the initial schedules 240a-240c shown in row 230a. 
The FS relationship between an upstream activity and a reliability buffer is provided without a 
10 lead or lag in schedules 240a, 250a, 260a, with a lead in schedules 240b, 250b, 260b, and with a 
lag in schedules 240c, 250c, 260c. 

O In the schedule 240a having no initially planned lead or lag, when the initially planned 

m 

vfl upstream activity 242a is updated to have a smaller duration value 252a than originally 
anticipated as shown in schedule 250a, a reliability buffer 254a is generated (e.g. via the 

'"'4 reliability buffer processor of FIG. 3) having a shorter duration value than the original reliability 
buffer 244a. A time precedence relationship 256a between the upstream activity 252a and the 

' : #3 

J f r reliability buffer 254a remains FS with no lead or lag. Conversely, when the initially planned 
I'll upstream activity 242a is updated to have a larger duration value 262a than originally anticipated 
2ftfj as shown in schedule 260a, a reliability buffer 264a is generated that has both a larger duration 
value than the original reliability buffer 244a, and also has a lead corresponding to -( Df - Di). 

In the schedule 240b having initially planned lead, -L h when the initially planned activity 
242b is updated to have a smaller duration value 252b than originally anticipated as shown in 
25 schedule 250b, a reliability buffer 254b is generated having a shorter duration value than the 
original reliability buffer 244b, while maintaining the same lead relationship 256b,- L*. Such a 
reliability buffer may be generated, for example, via the reliability buffer processor of FIG. 3. 
Conversely, when the initially planned upstream activity 242b is updated to have a larger 
duration value 262b than originally anticipated as shown in schedule 260b, a reliability buffer 
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264b is generated that has both a larger duration value than the original reliability buffer 244b ? 
and also has a larger lead corresponding to -(Li +(Df- Dj)). 

In the schedule 240c having initially planned lag, L h when the initially planned upstream 
5 activity 242c is updated to have a smaller duration value 252c than originally anticipated as 
shown in schedule 250c, a reliability buffer 254c is generated (e.g. via the reliability buffer 
processor of FIG. 3) having a shorter duration value than the original reliability buffer 244c, 
while maintaining the lag relationship 256c, Li. Conversely, when the initially planned upstream 
activity 242c is updated to have a larger duration value 262c than originally anticipated as shown 
10 in schedule 260c, a reliability buffer 264c is generated that has both a larger duration value than 

the original reliability buffer 244c, and also has a smaller lag or no lag 266c corresponding to Li - 
: ( Df - Dj). Note also that this relationship 266c can generate a lead when Df - Di is greater than 
l Z\ Li, i.e. when the upstream activity 262c is completed far behind schedule. 



: "4 buffer 244a-244c, 254a-254c, 264a-264c and the respective upstream activity 242a-242c, 252a- 



Referring now to FIG. 7 A, a table illustrating time precedence relationships between 
upstream activities, downstream activities, and reliability buffers associated with the downstream 
activities is shown. Each of the rows 269a-269c show an FF time precedence relationship 276a- 
25 276c, 286a-286c, 296a-296c between an upstream activity 272a-272c, 282a-282c, 292a-292c and 
a downstream activity 278a-278c, 288a-288c, 298a-298c. It should be appreciated that reliability 
buffers 274a-274c, 284a-284c, 294a-294c are taken as part of the downstream activity 278a- 
278c, 288a-288c, 298a-298c. Other time precedence relationships are shown in figures below. 
In row 269a, an initial (anticipated) schedule 270a-270c of an upstream activity 272a-272c is 



The activity time precedence relationship provided here is shown between the reliability 




252c, 262a-262c. For the purpose of time precedence relationships, as mentioned above, the 
reliability buffer 244a-244c, 254a-254c, 264a-264c can be considered in combination with the 
respective downstream activity 248a-248c, 258a-258c, 268a-268c to provide a buffered 
downstream activity. 
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shown where an initially planned duration value, Di, for an upstream activity is equal to an 
updated duration value Df, associated with the upstream activity. 



Rows 269b, 269c show two forms of updated project schedules. First in row 269b, a 
5 schedule 280a-280c is shown for which Di is greater than Df, i.e., the upstream activity has been 
updated to finish earlier than the initial schedule 270a-270c shown in row 269a. In row 269c, a 
schedule 290a-290c is shown for which Di is less than Df, i.e., the upstream activity has been 
updated to finish later than anticipated in the initial schedules 270a-270c shown in row 269a. 
The FF relationship is shown without a lead or lag in schedules 270a, 280a, 290a, with a lead in 
10 schedules 270b, 280b, 290b, and with a lag in schedules 270c, 280c, 290c. 

;! jj In the schedule 270a having no initially planned lead or lag, when the initially planned 

O upstream activity 272a is updated to have a smaller duration value 282a than originally 

tiff 

ijjjjj anticipated as shown in schedule 280a, a reliability buffer 284a is generated (e.g. via the 
15y reliability buffer processor of FIG. 3) having a shorter duration value than the original reliability 
l, 4 buffer 274a. The time precedence relationship 286a between the upstream activity 282a and the 
iU downstream activity 288a remains FF with no lead or lag. Conversely, when the initially 

planned upstream activity 272a is updated to have a larger duration value 292a than originally 
rjfj anticipated as shown in schedule 290b, a reliability buffer 294a is generated that has a larger 
2j?| duration value than the original reliability buffer 274a. The time precedence relationship 296a 
between the upstream activity 282a and the downstream activity 288a remains FF with no lead or 
lag. 



In the schedule 270b having initially planned lead, -Li, when the initially planned activity 
25 272b is updated to have a smaller duration value 282b than originally anticipated as shown in 
schedule 280b, a reliability buffer 284b is generated having a shorter duration value than the 
original reliability buffer 274b, while maintaining the same lead relationship 276b, 286b,- Li. 
Such a reliability buffer may be generated, for example, via the reliability buffer processor of 
FIG. 3. Conversely, when the initially planned upstream activity 272b is updated to have a 
30 larger duration value 292b than originally anticipated as shown in schedule 290b, a reliability 
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buffer 294b is generated that has a larger duration value than the original reliability buffer 274b. 
The time precedence relationship 296b maintains the original lag, -Li. 



In the schedule 270c having initially planned lag, L h when the initially planned upstream 
5 activity 272c is updated to have a smaller duration value 282c than originally anticipated as 
shown in schedule 280c, a reliability buffer 284c is generated (e.g. via the reliability buffer 
processor of FIG. 3) that has a shorter duration value than the original reliability buffer 274c, 
while maintaining the lag relationship 286c, Li. Conversely, when the initially planned upstream 
activity 272c is updated to have a larger duration value 292c than originally anticipated as shown 
10 in schedule 290c, a reliability buffer 294c is generated that has a larger duration value than the 
original reliability buffer 274c. The time precedence relationship 296c maintains the original 
lead, Li. 

5? 

jy! The activity time precedence relationship provided here is between the downstream 

1 §3 activity 278a-278c, 288a-288c, 298a-298c and the respective upstream activity 272a-272c, 282a- 
\\ 282c, 292a-292c. For the purpose of time precedence relationships, as mentioned above, the 
L| reliability buffer 274a-274c, 284a-284c, 294a-294c can be considered in combination with the 

I'll respective downstream activity 278a-278c, 288a-288c, 298a-298c to provide a buffered 

Q 

i jj downstream activity. 

Referring now to FIG. 7B, a table illustrating time precedence relationships between 
upstream activities, downstream activities, and reliability buffers associated with the downstream 
activities is shown. Each of the rows 299a-299c show an SS time precedence relationship 306a- 
306c, 3 16a, 3 16c, 326a, 326c between an upstream activity 302a-302c, 3 12a, 3 12c, 322a, 322c 

25 and a downstream activity 308a-308c, 3 1 8a, 3 1 8c, 328a, 328c. It should be appreciated that 

reliability buffers 304a-304c, 314a, 314c, 324a, 324c are taken as part of the downstream activity 
308a-308c, 318a, 318c, 328a, 328c. Other time precedence relationships are shown in figures 
below. In row 299a, an initial (anticipated) schedule 300a-300c of an upstream activity 302a- 
302c is shown where an initially planned duration value, D i? for an upstream activity is equal to 

30 an updated duration value, Df, associated with the upstream activity. 
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Rows 299b, 299c show two forms of updated project schedules. First in row 299b, a 
schedule 3 10a-3 10c is shown for which Dj is greater than Df, i.e., the upstream activity has been 
updated to finish earlier the initial schedule 300a-300c shown in row 299a. In row 299c, a 
schedule 320a-320c is shown for which Dj is less than Df, i.e., the upstream activity has been 
updated to finish later than anticipated in the initial schedules 300a-300c shown in row 299a. 
The SS relationship is shown without a lead or lag in schedules 300a, 3 10a, 320a, with a lead in 
schedules 300b, 310b, 320b, and with a lag in schedules 300c, 310c, 320c. 

In the schedule 300a having no initially planned lead or lag, when the initially planned 
upstream activity 302a is updated to have a smaller duration value 3 12a than originally 
anticipated as shown in schedule 3 10a, a reliability buffer 3 14a is generated (e.g. via the 
reliability buffer processor of FIG. 3) having a shorter duration value than the original reliability 
buffer 304a. A time precedence relationship 3 16a between the upstream activity 3 12a and the 
reliability buffer 3 14a remains SS with no lead or lag. Conversely, when the initially planned 
upstream activity 302a is updated to have a larger duration value 322a than originally anticipated 
as shown in schedule 320a, a reliability buffer 324a is generating having a grater duration value 
than the original reliability buffer 304a, while maintaining the SS time precedence relationship. 

In the schedule 300b having initially planned lead, -L;, no reliability buffer is initially 
applied. In the schedule 310b having initially planned lead, when the initially planned upstream 
activity 302b is updated to have a smaller duration value than originally anticipated, again no 
reliability buffer is applied. Also, when the initially planned upstream activity 302b is updated 
to have a larger duration value than originally anticipated, again no reliability buffer is applied. 

In the schedule 300c having initially planned lag, Li, when the initially planned upstream 
activity 302c is updated to have a smaller duration value 3 12c than originally anticipated as 
shown in schedule 3 10c, a reliability buffer 3 14c is generated (e.g. via the reliability buffer 
processor of FIG. 3) that has a shorter duration value than the original reliability buffer 304c, 
while maintaining the lag relationship 3 16c, Li. Conversely, when the initially planned upstream 
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activity 302c is updated to have a larger duration value 322c than originally anticipated as shown 
in schedule 320c, a reliability buffer 324c is generated that has a larger duration value than the 
original reliability buffer 304c, while maintaining the lag relationship 326c, Li. 

5 The activity time precedence relationship provided here is again between the reliability 

buffer 304a-304c, 3 14a, 3 14c, 324a, 324c and the respective upstream activity 302a-302c, 3 12a, 
3 12c, 322a, 322c. For the purpose of time precedence relationships, as mentioned above, the 
reliability buffer 304a-304c, 3 14a, 3 14c, 324a, 324c can be considered in combination with the 
respective downstream activity 308a-308c, 318a, 318c, 328a, 328c to provide a buffered 
1 0 downstream activity. 

0 Referring now to FIG. 7C, a table illustrating time precedence relationships between 

a 

/ fl upstream activities, downstream activities, and reliability buffers associated with the downstream 
activities is shown. Each of the rows 329a-329c show an SF time precedence relationship 336a- 

ijp5 336c, 346c, 356c between an upstream activity 332a-332c, 342c, 352c and a downstream activity 
338a-338c, 348c, 358c. It should be appreciated that reliability buffers 334c, 344c, 354c are 
taken as part of the downstream activities 338c, 348c, 358c. In row 329a, an initial (anticipated) 

Q schedule 330a-330c of an upstream activity 332a-332c is shown where an initially planned 

i>« duration value, Di, for an upstream activity is equal to an updated duration value, Df, associated 

• IJo with the upstream activity. 

Rows 329b, 329c show two forms of updated project schedules. First in row 329b, a 
schedule 340a-340c is shown for which Di is greater than Df, i.e., the upstream activity has been 
updated to finish earlier the initial schedule 330a-330c shown in row 330a. In row 329c, a 
25 schedule 350a-350c is shown for which Di is less than Df, i.e., the upstream activity has been 
updated to finish later than anticipated in the initial schedules 330a-330c shown in row 329a. 
The SF relationship is shown without a lead or lag in schedules 330a, 340a, 350a, with a lead in 
schedules 330b, 340b, 350b, and with a lag in schedules 330c, 340c, 350c. 
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In the schedule 330a having no initially planned lead or lag, when the initially planned 
upstream activity 332a is updated to have a smaller duration value than originally anticipated as 
shown in schedule 340a, no reliability buffer is applied. Also, when the initially planned 
upstream activity 332a is updated to have a larger duration value than originally anticipated as 
5 shown in schedule 350a, again no reliability buffer is applied. 

In the schedule 330b having initially planned lead, when the initially planned upstream 
activity 332b is updated to have a smaller duration value than originally anticipated as shown in 
schedule 340b, no reliability buffer is applied. Also, when the initially planned upstream activity 
10 332b is updated to have a larger duration value than originally anticipated as shown in schedule 
350b, again no reliability buffer is applied. 

Q In the schedule 330c having initially planned lag, -Li, when the initially planned upstream 

i|j activity 332c is updated to have a smaller duration value 342c than originally anticipated as 

|| shown in schedule 340c, a reliability buffer 344c is generated (e.g. via the reliability buffer 

0£l processor of FIG. 3) that has a shorter duration value than the original reliability buffer 334c, 

u " while maintaining the lag relationship 346c, -Li. Conversely, when the initially planned 

b& upstream activity 332c is updated to have a larger duration value 352c than originally anticipated 

ru 

113 as shown in schedule 350c, a reliability buffer 354c is generated that has a larger duration value, 
jlp while maintaining the lag relationship 356c, -Li. 

i*J 

The activity time precedence relationship provided here is between the downstream 
activity 338a-338c, 348c, 358c and the respective upstream activity 332a-332c, 342c, 352c. For 
the purpose of time precedence relationships, as mentioned above, the reliability buffer 334c, 
25 344c, 354c can be considered in combination with the respective downstream activity 338c, 
348c, 358c to provide a buffered downstream activity. 

At each schedule update as indicated in FIGS. 7-7C, the remaining construction schedule 
is re-calculated. Reliability buffer duration values and time precedence relationships are re- 
30 calculated in a way that the remaining downstream work can benefit most from schedule 
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advances in the upstream work, and schedule slips from upstream schedule disruptions are 
reduced. The sizes and locations of reliability buffers can be changed at each schedule update. 

All references cited herein are hereby incorporated herein by reference in their entirety. 

Having described preferred embodiments of the invention, it will now become apparent 
to one of ordinary skill in the art that other embodiments incorporating their concepts may be 
used. It is felt therefore that these embodiments should not be limited to disclosed embodiments, 
but rather should be limited only by the spirit and scope of the appended claims. 

What is claimed is: 
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